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COMPLETE SPECIFICATION. 



Improvements in or relating to Electric Heating Elements* 



We, N. Greening & Sons Ltmttbd, a 
British Company, of Britannia Works, 
Warrington, in the County of Lancaster, do 
hereby declare the invention, for which we 

5 pray that a patent may be granted to us, 
and the method by which it is to be per- 
formed, to be particularly described in and 
by the following statement : — 
This invention is for improvements in or 

10 relating to electric heating elements and 
particularly what are known as surface 
heating elements or panels. 

It is known to use thin electro-formed 
sheets of nickel or other metals for the heat- 

16 ing of particular areas by the passage of an 
electric current through such sheets. In 
order to obtain the necessary characteristics 
of electrical resistance it has heretofore been 
necessary to use very thin flimsy strips or 

20 sheets of metal. These are cut in a complex 
zig-zag pattern so as to increase the length 
of the conducting path for the electric current. 
Such flimsy strips or Bheets are very sus- 
ceptible to mechanical damage which may 

25 either break the conducting path completely 
or reduce the cross-section at the point of 
damage to such an extent as to raise the 
resistance by a substantial amount. As a 
consequence of this increase in resistance 

30 there is an objectionable temperature rise 
followed again by a further rise in resistance 
and an increase in temperature and so on 
until the temperature has risen to such an 
extent as to cause complete failure at the 

35 point of damage. Furthermore with these 
flimsy metal sheets or strips, which may have 
a thickness of the order of 1,000th of an inch 
or less, there is great difficulty in making 
satisfactory electrical connections. 

40 An object of the present invention is to 
provide metal surface heating elements which 
do not suffer from the defects just set forth. 
According to the prese nt invention there is 



provided an electric heating element in the 
form of a conducting plate, sheet or strip 45 
formed by a process of electro-deposition so 
as to have a multiplicity of very small 
perforations arranged to provide a plurality 
of tortuous paths in parallel for the flow of. 
current from one part of the plate, sheet or 50 
strip to another so that should any one path 
be damaged or destroyed the current may 
flow round the fault without undue rise of 
temperature. 

Conveniently the conducting plate, sheet 55 
or strip is perforated with small apertures or 
slots (e.g. of the order of 0.2" X 0.015* or 
less) and notched or gapped alternately from 
opposite sides of the plate, sheet or strip at 
ntervals so as to constrain an eleotric ourrent 60 
to flow from one part of the sheet, plate or 
strip to another along a tortuous path made 
up of a plurality of smaller paths in parallel. 

The plate, sheet or strip may be provided 
with imperforated edges or areas for the 65 
attachment to it (e.g. by soldering) of elec- 
trical conductors for connecting the element 
in a supply circuit. 

The perforated metal sheet for the purpose 
of the present invention may be made by a 70 
known process of electro-deposition the slot 
or hole pattern being formed during this 
process of manufacture. Material of this 
nature is available commercially in whioh the 
holes or slots are of extremely small or 76 
minute dimensions. The slots or holes form- 
ing the perforations in the sheet need not 
necessarily for the purpose of the invention 
be very minute but it is contemplated that 
they will at least be relatively small. For 80 
instance, where the perforations are in the 
form of slots there may be between one 
hundred and one thousand such slots to the 
square inch of material. 

The invention will be further described by 85 
way of example with reference to the 
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diagrammatic drawing aocompanying our 
Provisional Specification whereon i — 

Figure 1 shows one embodiment of a sur- 
face heating element according to the 
5 invention; and 

Figure 2 is an enlarged view of a small 
area of the heating element shown fa Figure. 1 4 

The heating element shown in Figure 1 is 
made from perforated electro-deposited metal 
10 (e.g. nickel) sheet the. perfera$pns beipg of 
elongated form and those in one row being 
staggered with respeot to those in neighbour- 
ing rows as shown in Figure 2. It is. con- 
venient to make the bridges, 1(X lying between, 
15 the ends of neighbouring slots approximately 
2 to 2 \ times as wide as the bridges 11 lying 
between the sides of neighbouring slots. This 
helps to ensure that the current density at 
any section of the sheet is approximately the 
20 same. 

The perforated sheet n^ajfeigj i% cujfc, or 
slotted (as indicated at 12 in Figure 1) 
alternately from opnojBjfte side&, This, results 
-. in, the formation of tortious naths for the. 
25 flow of current from^ for ex^mnle, a conductor; 
13 connected to one pole of ijhe. supply- tp, 
conductors, 14 cpnnec^^. tp, tjtxe other pole,. . 

It wilj be. appreciate^ .tfeat. ^hese^ tojctnpus. 

paths are tfee^elves made, ujp, of a. plur^jitv' 
30 of tortuous natha in parallel fprmp4 t%y tfee, 

staggered r^rforatipna fa tjie, s^eet. a% in-, 

djQate4 ir* Upgure & The, general direction, 

of flow of current is indioated by aa'ro.y^a fa 
. both Fi^ur^l and ^ 
35 tfee path ajpng whicfe the, c;urr i ent.. has tfO- ftw 

is, relatively long compare^ "with ^he. oyeraU 

dimensions, of the sKeet, %e number of 

paths in parajlej: will of course, depend, on, the/ 

number of perforations,.. 
40 It will bje appreciated tjiajfe. t>y perforating 

tl^e sheet, forming, the. ieajjing Yemeni, its, 

resistance is very n^|»rj5ally in^e^asecl sp i$tat. 

its. thipkaess^ can be. iqcreaap*! whilst, si}iH 

maintaining an element, having a. resjfence; 
45 and heating, capacity comparable wJLtk rau,qh 

tl^raier- oy flimsy sheets. a# available ^erato.-. 

fore. This increased tMokngsfc of the. sheet. 

greatly facilitates the. majpjig of eject^a!" 

connections, thereto by i&^fa$.. Pye- 
50 ferajbly these, electrical connections are made, ■ 

tp the tmpej^orate4 areas, or ea^eal5,provi(deo\ 

alpng ppppsjie. sides of foe shteet as indicate . 

in Figure. 1. It w411 be. nqte^ tluvb foe, shifts/. 

12. extend right up, to. andl intp foe- unper-. ' 
55 f orated areas', Gn i y ' ^p. foe, unper-, 

fprated, areas, fapilitaje. foe rna&ing pf 

electrical connections ^ut,foey a)so. serve a.a, 
• low resistance, pafos gbr&£ %a even, dis%ilm-. 
. tion of current alprlg^ the various parallel 
60 paths traversing foe p#rcpw ; s&ip£ from, one. 

solid margin 15 to the other,. . 
It. will/be. understood foat; foe dtoensipna. " 

or gauge of the slot mesh. (as. she>v?ii in, Figure. 

2.1 together with fop d^anqe, between the. cu-ts 
65 12 determines, foe number of .pafos (made xip. 



of the bridges 10 and 11) in parallel. It is 
contemplated that a suitable minimum 
number of parallel paths for most cases, will 
be 10 although as few as 5 may be used for 
speeial cases* Increasing the number of 70 
equally spaced cuts 12 between two points 
ha ^^^^gtih-of -the strip waB increase the 
res^aaice'of the path for the electric current - 
approximately as the square of the total 
since, each cu^ p^ecreasea foe^ number of 75 
current paths in parallel an4 also, at the same 
time increases the total length of the. path* 

One particular application of the invention 
i% to de-ioiiig equlprnent. for aircraffc wings, 
the heating - elements, in this case, being 80 
provided with means for their attachment to 
said wings. 

What we elaim is : — 

1 . An electric heating element in the form 

of & coa^uetiAg pM&» sfeeet. OPT fcteip formed 85 
by a process of electrordeposition so as to 
h&ve; 8^. n^ultjiplicity of very, small perforations 
arranged to provide a plurality pf toytuQus? 
paths, 14 paraJIlei for t}ve. flow, or current, firoift 
one part, of tfee yjajbe, sjjeet or styiu t.p. another 90 
so, t^at sjt\p,i4d anv one pa,tli b.e damaged or 
4estrpye4 the current majy flpw rpun^ the^ 
fa,ult withQUit w4ue risp. pf temperajbure^ 

2. An electric heating pigment. clajmed 

i% ClanA 1 ftncl "^hprpin. tie, cpnduc^ng plate, 95 
sfeept or stsin, is notched or gapped alternate^ 
frpm opppjsitp, sieves at, intervals bq as : to. 
constrain electric current, to, fi.aw ^rom one 
parti, of tte sfceet flf plate, or, strip, to- ar^otl^er 
parti, ajojag ^ tortious patfe n\ade up of a 100 
plmHtif of amaiU^r tortious pa.ths in, parallel, 

3. ikri eleotric heating element aa claimed 
i^ Qi^init 1 or C?lain> % m Therein t^.perforationa 
atre. 9,r?anffe_d in st.aggereo^ rela^onshipu 

4. A. heading plement, as claimed, in atny 105 
of th©j Pfe.cejg^ng' claims^ wierein the.pe5fora.-. 
tjionj?, are of p(pnga,tea\ f prin and extend fa tW 
deception of ler^b, of t^plate^sbeet.pr sjbip l 

5-. A h.eating elempnt. as. claimed h* any of 
thepreepc^ng oJaims^heW^ 110 
have dimensions, of tfce order of 0,2." x 0.0,15* 
ox less A . 

6. A heating element as ojaini.ed fa any. 
of Claims, 2, 3, 4 or 4 wherein the nptcj.es pr- 
gaps e^ndipg al1^?9atply from ppposi^ 115 
sjides pf the. pjbatp, s^eet pr^ strip, at short. 
sp^ce4ip,terYals> 

7. A heatfegi elppftpnt as plaim.ed fa ajny 
of the. pre.pe(^g plajms wherein the. plate, 
sja&pt pr sjbrip has unperf oraj?e4 edges, pr ayeas 120 
fp* t^ie, aj^phrnen^/to it of. eiectrioal co^-. 
ductprs. fpr oonnepting it in, an. plecrtrieifcy 
sup^y sy^pm.. • 

$ 4 ^ea1ip,g pjen^ent, as claimed fa any 
of the precepting plaims ^erpin there, ar% 125 
between. 1$Q. ftnd; 1.000 . perforations -^o the 
s'quarp. inoh of plate,; sheet or strip. 

9 1 .* A Ideating elpn^pnt as, claimed, in any^; 
of the preceding claims, wherein, the spacing 
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between the ends of neighbouring perforations 
is approximately two to two.and-a-half times 
as great as the spacing between the side? of 
uei^ljauring perforations. 

10. An electric heating element substan- 
tiaJHy as Herein described with reference to 
the accompanying drawing. 

11, A de-icing means for aircraft wings 



comprising a heating element as claimed in 
any of the preceding claims. 

Dated this 19th day of February, 1954. 

XL R. ROYSTON & CQ.., 
Chartered Patent Agents> 

£ower Buildings 
Water Street, Liverpool, 3. 
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PROVISIONAL SPECIFICATION. 

Improvements in or relating to Electric Heating Elements, 



We, N, GwENr^Q # Sons Jjwdp, a 
JWtish Company* of Britannia Works, 
Warringtor^ in the County of I<ancaster, do 
hereby declare this invention to he described 
15 in the following statement 

This invention is for improvements in or 
relating to. electric heating elements and 
particularly what are known as surface 
heatipg element* or panels* 

3ft It is known to use thin electro-formed 
afreets of nickel or other m^fcak for the heat* 
ing of particular areas by the passage of an 
electric current through such sheeta. In 
order to obtain the necessary chara^eristics 

35 of electrical resistance it has heretofore been 
necessary to use very thin flimsy strips or 
sheets of metal. These, are cut in a complex 
partem so as to increase the length 
ofthe conducting path for the electric current, 

30 Such flimsy strips or sheets are very suscept- 
ible to mechanical damage which may either 
break the conducting path completely or 
reduce the cross-section at the point of 
damage to such an extent as to raise the 

35 resistance by a fift^gt&nti&l amount. As a 
consequence of this increase in resistance 
there is, an objectionahle temperature rise 
followed again by a frffthe_r rise in resistance, 
and an increase in temperature and so on 

40 until the temperature has risen to such an 
extent as to cause complete failure at the 
point of damage. Furthermore with these 
flimsy metal sheets or strips, which may have 
a thickness of the order of 1,000th of an inch 

45 or less, there is great difficulty in making 
satisfactory electrical connections. 

An object of the present invention is to 
provide metal surface heating elements which 
do not suffer from the defects just set forth. 

60 According to the present invention there 
is provided an electric heating element in the 
form of a conducting plate, sheet or strip 
which is perforated so as to provide a 
plurality of tortuous paths in parallel for 

55 the flow of current from one part of the plate, 
sheet or strip to another, so that should any 
one path be damaged or destroyed the current 
may flow round the fault without undue rise 
of temperature. 

60 According to a further feature of the 



present invention there is. provided an 
electric heating element in the form of a 
conducting plate, sheet or strip perforated 
with small apertures or slots. (e.g % of the order 
of 0.2" x 0,O15* or less) and notched or 65 
gapped alternately from opposite, sides of the. 
plate, sheet or strip at intervals, so. as to 
constrain an electric current to< flow from one. 
part, of the sheet, plate or strip to another 
along a tortuous path made np of a plurality 70 
of smaller paths in parallel 

Aceojetfng to a still further feature of the. 
present invention there is provided an 
electric heating element in the form of a 
conducting plate* sheet or etr%> perforated! 75 
with small apertureg or slots (e>g. of the 
order of 0.2* x 0.0i£* or legs) arranged vx 
staggered relationship, the plate* sheet/ or 
strip being notched or gapped ^teroaatejy 
ftom opposite sides or edges at intexvals> 80 
whereby an electric current is. constrained tor 
flow from one part, of the plate-, sheet- or strip* ■ 
to another along a, tortuous- path itseM made 
up of a plurality- of smaller tortuous paths in 
parafteh 85 

Conveniently the plate, sheet or- strip is. 
provided with unperforated edges or areas 
for the attachment to it (e»gv by soldering) 
of electrical conductors, for connecting the 
element, in a supply circuit. 90 

It is contemplated that the perforated 
metal sheet for the purpose of the present 
invention will be made by a process of 
electro-deposition the slot or hole pattern 
being formed during this process of manu- 95 
facture. Material of this nature is available 
commercially in which the holes or slots are 
of extremely small or minute dimensions. 
The slots or holes forming the perforations 
in the sheet need not necessarily for the pur- 100 
pose of the invention be very minute but it 
is contemplated that they will at least be 
relatively small. For instance, where the 
perforations are in the form of slots there 
may be between one hundred and one 105 
thousand such slots to the square inch of 
material. 

The invention will be further described by 
way of example with reference to the accom- 
panying diagrammatic drawing whereon : — 110 

Figure 1 shows one embodiment of a 
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/ surface heating element according to the* 
invention * r and 
Figure 2 is an enlarged view of a small area 
- of the heating element shown in Figure 1. • 
5 The heating element shown in Figure 1 is 
made from perforated electro-deposited metal 
' (e.g. nickel) sheet the perforations being of 
elongated form and those in one row being 
• Btaggered with respect to those in heighbour- 
10 - ing rows as shown in Figure 2. It is "con- 
venient to make -the bridges 10 lying between 
the ends of neighbouring slots approximately 
2 to 2 J times as wide as the bridges IT lying 
.'. between the sides of . neighbouring slots; 
15 This helps to ensure that the current density* 
■ at any section of the sheet, is approximately 
.- the same. . 

: The perforated sheet material is . cut or 
- slotted (as indicated at 12 . in Figure. 1) 
20 alternately from opposite sides* This results 
•• in the formation of tortuous paths for the' 
flow of current from, for example, a con- 
ductor 13 connected to one pole of the supply 
. to conductors 14 connected to the other pole.. 
25 It will be appreciated that these tortuous 
paths are themselves made up of a plurality 
of tortuous paths in parallel formed by the . 
. staggered perforations in the sheet "as in- 
dicated in.Figure 2. "The- general direction 
30 of flow of current is indicated by arrows in . 
both Figures 1 and 2 and . it will: be seen that 
the path along whioh the current has to -flow 
is relatively long compared .with the overall 
dimensions of the sheet. The number of 
35 paths in parallel will of course depend on 
the number of perforations. 

It will be appreciated that by perforating 
the sheet forming the heating element its 
resistance is very materially ihoreased so .; 
40 that its - thickness can- be inpreased whilst 



still maintaining an element having a resis- 
tance and heating capacity comparable with 
much thinner or flimsy sheets as available 
heretofore. This increased thiokness of the • 
sheet, greatly . facilitates the making of 45 
electrical connections thereto e.g. by solder- 
ing.- ' Preferably , these eleotncal connections 
are made to ^he uhjerf orated areas or edges 
15 provided along opposite sides of the sheet 
as indicated Figure 1. . It will be noted .50 
. that the slot's 12 extend right, up to and into 
the imperforated areas. Not only do- the " 
..unperfbrated areas facilitate, the making of 
electribal connections, but they also serve as 
low resistance paths giving an. even distribu- 65 ' 
tion of current along the various, parallel 
paths travershig the harrow strips irona one 
solid margin 15 to the other. 
■ It will be understood that the dimensions 
or gauge of the slot "mesh (as shown in Figure 60 
2) together with the distance between the 
cuts 12 determines . the number ' of paths 
(made up of the bridges 10 and U) inparalleL ' 
Itt is contemplated that, a .suitable minimum . 
number of parallel paths for most cases will 65. 
be 10 although as few as. 5 may be - used for 
speoiai cases.. Increasing the number of 
equally spaced cuts 12 between two points 
in the length of the strip will increase- the - . 
resistance of the path-for the elebtric current - 70; 
approximately as the square of the total 
since each out doorcases the numher of current 
paths in parallel and also at the same time 
increases the total length of the path. 

E. k ROYSTGN & GO./, 
Chartered Patent' Agents, .. 
Tower Building, 
. Water Street, Liverpool, 3. 
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/ SHEET j nis drawing Is a reproduction of 
the Original on a reduced scale. 
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